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Centromeric nucleosomes are critical for chromosome attachment to the mitotic spindle. In this
issue of Cell Reports, Diaz-Ingelmo et al. (2015) propose that the yeast centromeric nucleosome
is stabilized by a positively supercoiled loop formed by the sequence-specific CBF3 complex.The centromere is a region of DNA that
mediates chromosomal attachment to
the mitotic spindle through a kinetochore.
Defects in centromere function can be
catastrophic for the cell, resulting in chro-
mosome mis-segregation. The stability
of the centromere-kinetochore interaction
is therefore critical. In higher organisms,
the centromere is composed of repeti-
tive satellite DNA on which centromeric
nucleosomes are assembled. In contrast,
each budding yeast chromosome has a
120 bp ‘‘point centromere’’ where a
single centromeric nucleosome is formed.
Both the composition and topology of the
centromeric nucleosome are controver-
sial (reviewed by Steiner and Henikoff,
2015).
The nucleosome is the structural sub-
unit of chromatin. It contains an octamer
of core histones (two molecules each of
H3, H4, H2A, and H2B), around which
the DNA is wound in1.7 negative super-
helical turns. This DNA is over-twisted
relative to DNA in solution, resulting in a
positive contribution to supercoiling and
a net supercoiling change of 1.0. The
nucleosome therefore traps one negative
supercoil (Simpson et al., 1985).
All agree that the centromeric nucleo-
some contains H4 and centromeric H3
(cenH3) in place of H3, but whether the
centromeric nucleosome contains only a
tetrasome (two molecules each of cenH3
and H4), a hemisome (one molecule
each of cenH3, H4, H2A, and H2B), or
an octamer containing cenH3 instead of
H3 is unresolved. There is evidence for
all of these structures.
In this issue of Cell Reports, Diaz-In-
gelmo et al. (2015) address the other
controversial aspect of centromeric
nucleosome structure: its topology. DNA
topology is described by its linking num-ber; i.e., the number of times one DNA
strand twists around the other. In a
relaxed circle, the linking number is given
by the DNA length divided by the number
of base pairs per turn (10.5). If the circle is
nicked, one strand is rotated once
through 360, and the nick is sealed,
then a supercoil has been introduced. If
the rotation is anti-clockwise, then the
DNA is untwisted by one turn, and the su-
percoil is negative. If the rotation is clock-
wise, then the DNA is twisted up, and a
positive supercoil is introduced. As in the
nucleosome, the supercoil may partition
between altered DNA twist (the number
of bp per turn) and altered writhe, result-
ing in the well-known figure-eight struc-
ture. Topoisomerases, which nick and
re-seal DNA, can remove supercoils.
However, the negative supercoil inside
the nucleosome is protected from relaxa-
tion by topoisomerases.
To illustrate this point, assembly of ten
nucleosomes on a relaxed circular
plasmid traps ten negative supercoils
and introduces ten compensatory posi-
tive supercoils (no net change in linking
number). Topoisomerase I removes the
ten positive supercoils, relaxing the DNA
between the nucleosomes but not the
DNA within each nucleosome. The puri-
fied plasmid will have ten negative super-
coils, one from each nucleosome. Thus,
counting the negative supercoils gives
the number of nucleosomes. Measure-
ment involves separating the topoisomers
(DNA molecules differing only in the num-
ber of supercoils) in gels containing chlo-
roquine. For in vivo measurements, the
plasmid DNA is simply purified from cells,
given that they contain high levels of topo-
isomerase.
What about the centromeric nucleo-
some? The crystal structure of the octa-Cell Reports 13meric form of the centromeric nucleo-
some shows negatively supercoiled
DNA, as in the canonical nucleosome (Ta-
chiwana et al., 2011). However, Furuyama
and Henikoff (2009) report that the centro-
meric nucleosome traps one positive su-
percoil. In vitro, they found weak positive
supercoiling associated with centromeric
nucleosome assembly, but the number
of supercoils per centromeric nucleo-
some was not determined. In vivo, they
found that a small yeast plasmid contain-
ing a functional centromere has about two
fewer negative supercoils than the same
plasmid with a non-functional centro-
mere. The explanation is that the centro-
meric nucleosome (one positive supercoil
added) replaces a canonical nucleosome
at the centromere (one negative supercoil
lost). Diaz-Ingelmo et al. (2015) confirm
this observation using a rigorous topology
measurement, including a novel cell-fixa-
tion method, although they find only
0.6 positive supercoils per centromeric
nucleosome.
The yeast centromeric nucleosome is
precisely positioned over the 120 bp
centromere, protecting all three elements:
CDEI, CDEII, and CDEIII (Cole et al., 2011;
Krassovsky et al., 2012). The centromeric
histones and their chaperone, Scm3, bind
to CDEII (Xiao et al., 2011), which includes
the central 80 bp and is extremely AT
rich. CDEI and CDEIII flank CDEII and
bind the sequence-specific factors Cbf1
and CBF3, respectively. Cbf1 is a nones-
sential transcription factor. CBF3 is an
essential multi-subunit complex and a
component of the kinetochore. Current
models propose a DNA loop stabilized
by protein-protein interactions, facilitating
centromeric histone binding. The protein
bridge securing the loop may involve an
Scm3 dimer and/or interactions between, October 27, 2015 ª2015 The Authors 645
Cbf1 and CBF3 (Xiao et al., 2011; Cho and
Harrison, 2011; Wisniewski et al., 2014).
Diaz-Ingelmo et al. (2015) illuminate
the critical role played by CDEII and
CDEIII in centromeric nucleosome super-
coiling. Mutations in CDEI that prevent
Cbf1 binding do not affect positive
supercoiling, indicating that CDEI is not
required. In contrast, mutations in CDEIII
do prevent positive supercoiling, as does
simple deletion of CDEII. Determination
of the precise role of CDEII is difficult
because its sequence and length is
different in each of the 16 yeast centro-
meres, although they all have very high
AT content. Diaz-Ingelmo et al. (2015)
reasoned that the Cbf1-CBF3 bridge-
loop model predicts loops of different
lengths due to the variable length of
CDEII (77–86 bp). This in turn predicts
that centromeric nucleosome topology
should vary with centromere length
because under- or over-twisting of the
DNA in the loop is necessary to accom-
modate the DNA within the same
structure. However, they find that the
topology is the same for all yeast centro-646 Cell Reports 13, October 27, 2015 ª2015meres tested. They propose that the loop
forms between CDEIII and the distal part
of CDEII and does not include CDEI. One
end of the loop is anchored by the
Cep3 subunit of CBF3, which binds spe-
cifically to CDEIII; the other end of the
loop may be anchored by the Ndc10
subunit of CBF3 or by Scm3, both of
which bind AT-rich DNA (Xiao et al.,
2011; Cho and Harrison, 2011; Diaz-In-
gelmo et al., 2015).
Although Diaz-Ingelmo et al. (2015)
have shed light on an interesting aspect
of centromere biology, it should be
remembered that topology measure-
ments reflect net changes in the entire
plasmid and cannot be attributed to spe-
cific regions of the plasmid without addi-
tional information. In vivo, other proteins
may contribute positively or negatively to
the supercoiling, such as Scm3 or other
kinetochore components. If so, then the
observed supercoiling change may be
misleading. Definitive proof may arrive
only with a complete reconstitution of
the kinetochore on centromeric DNA us-
ing purified components.The AuthorsREFERENCES
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